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(54) Fuel cell system 

(57) In a fuel cell system, leakage of a fuel and a 
byproduct produced in oxidizing a fuel, and leakage 
thereof out of a fuel cell by evaporation are prevented. 
For this purpose, in a fuel cell system comprising an 
electrogenerating portion having a fuel electrode, an ox- 
idant electrode and an electrolyte sandwiched between 
the fuel electrode and the oxidant electrode; a fuel ac- 
commodating container accommodating a fuel to be 
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supplied to the fuel electrode; a fuel supplying portion 
supplying a fuel from the fuel accommodating container 
to the electrogenerating portion; and a fuel discharging 
portion connected to the fuel electrode, the fuel accom- 
modating container, the fuel supplying portion, the fuel 
electrode and the fuel discharging portion are air-tiqhtly 
connected. 



CD 

m 

CO 



I 

CD 
|— 

m 

O 
O 

3 



Printed by Jouve, 75001 PARIS (FR) 



EP 1 324 415 A2 ^ 



Description 

BACKGROUND OF THE INVENTION 



s [0001] The present Invention relates to a fuel cell system comprising a fuel cell using a hydrocarbon type fuel as a 
fuel and oxygen or air as an oxidant. 

[0002] As the fuel of a fuel ceil, there are used, for example, a hydrogen gas, or hydrocarbon type liquid or gaseous 
fuel. Fuel cells using a hydrocarbon type fuel inciude those of type reforming a fuel by a reforming apparatus to obtain 
a hydrogen gas and generating electricity using this hydrogen gas as a fuel, and those of type generating electricity 
10 using a directly supplied hydrocarbon type fuel. In the latter type cell, there is no necessity to use a reforming apparatus, 
and the size of a fuel cell system can be decreased. 

[0003] Regarding the latter type cell, a reaction in a fuel cell using, as a hydrocarbon type fuel, for example, methanol 
is shown below. 

15 Fuel electrode: CH 3 OH + H 2 0 -» CO a + 6H+ + 6e- 

Oxidant electrode: 3/20 2 + 6H+ + 6e* -> 3H 2 0 
Total cell reaction: CH 3 OH + 3/20 2 -> C0 2 + 2H 2 0 

[0004] As described above, carbon dioxide is produced as a product in a fuel electrode, in the fuel ceil of type using 

20 a fuel directly. Therefore, a substance discharged from the fuel electrode contains a not-consumed fuel, carbon dioxide 
and the like. And : there was a problem that an increase in the amount of carbon dioxide by such powder generation 
raises the internal pressure of the fuel cell, thereby causing leakage of a fuel, decrease in cell performance and the like. 
[0005] In contrast, there has been suggested, for example, a fuel cell system having a produced gas discharging 
mechanism which separates carbon dioxide and fuel from a substance discharged from a fuel electrode, by using a 

25 porous material constituted of a f iuorocarbon resin, and selectively discharges only carbon dioxide out of a system (for 
example, Japanese Laid-Open Patent Publication No. 2001-102070, US Patent No. 4,562,123, and the like). 
[0006] The above-mentioned produced gas discharging mechanism will be described referring to Fig. 5, Fig. 5 is a 
schematic cross-sectional view showing the structure of a fuel cell having a produced gas discharging mechanism. In 
the fuel cell shown in Fig. 5, a catalyst layer 64 and a gas diffusion layer 53 at the fuel electrode side and a catalyst 

30 layer 56 and a gas diffusion layer 57 at the oxidant electrode side sandwich an electrolyte membrane 55 to constitute 
an electrogenerating portion, and a fuel supplying tube 52 for supplying a fuel and a separation membrane 51 for 
selectively discharging carbon dioxide are provided. The separation membrane 51 is provided in contact with the fuel 
supplying tube 52, which Is a passage for fuel leading to the gas diffusion layer 53, and carbon dioxide generated in 
the catalyst layer 54 is discharged out of the fuel cell via this separation membrane 51 . 

35 [0007] On the other hand, a user of a fuel cell has to exchange a fuel accommodating container when the remaining 
amount of a fuel decreases. Therefore, the user of a cell has to previously acknowledge a time of exchanging the fuel 
accommodating container. Regarding this matter, the remaining amount of a liquid fuel is made visible conventionally 
by installing a methanol consumption amount sensor using infrared ray, or by constituting a part of the fuel accommo- 
dating container with a transparent or semi-transparent material, for example. 

40 [0008] However, the conventional produced gas discharging mechanism as described above cannot completely sep- 
arate carbon dioxide and fuel selectively, and only can separate liquid and gas by utilizing a difference in surface tension 
onto a separation membrane. For this reason, not only carbon dioxide but also a fuel and other by-products than carbon 
dioxide produced in oxidizing the fuel are evaporated and discharged in the state of gas out of a fuel cell through the 
separation membrane. 

45 [0009] A fuel and by-products thus discharged out of the fuel cell may contain a lot of substances having high toxicity 
and risk. For example, when methanol is used as a fuel, methanol and, formic acid, formaldehyde and the like that 
may be produced as by-products in oxidizing the fuel, are deleterious substances, and evaporation and leakage out 
of a fuel cell of these compounds is a very important problem. 

[0010] The present invention alleviates the problems described above by reducing not only leakage of a fuel and by- 
50 products produced in oxidizing a fuel, but also leakage of them out of a fuel cell by evaporation. Simultaneously, another 
object of the present invention is to provide a fuel cell system capable of detecting the remaining amount of a fuel with 
high accuracy without separately providing a system detecting the remaining amount of a fuel. 

BRIEF SUMMARY OF THE INVENTION 

55 

[0011] The present invention therefore provides a fuel cell system comprising: an electrogenerating portion having 
a fuel electrode, an oxidant electrode and an electrolyte membrane disposed between the fuel electrode and the oxidant 
electrode; a fuel accommodating container accommodating a fuel to be supplied to the fuel electrode; and a fuel dis- 
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charging portion connected to the fuel electrode, characterized in that the fuel accommodatina container th« f„»i 
electrode and the fuel discharging portion are air-tightly connected. mmoaating container, the fuel 

[0012] It is preferable that the fuel cell system further comprises a product absorbing portion for absorbina a fuel 
oxidized product discharged from the fuel electrode. aosoroing a fuel 

s [0013] The fuel oxidized product may contain carbon dioxide. 

[0014] Further, the fuel oxidized product may contain a compound having a carboxyl group 

™ * o«,??T° re .L ,h f ° XidiZed pr ° dUCt may COn,ain a com PO"nd having an aldehyde group. 
[0016] Still further, the fuel oxidized product may contain a compound having a ketone group 

n " t!S£^SS^ sys,em ' rt is pre,erab,e ** the product absorb,n9 porton absort > s *. *- 

a°ds 1 o!ption Urther ' * iS Pre,erabl8 th8t the prodUct abso *ing Portion absorbs the fuel oxidized product by chemical 

S* 91 h" t PrS lf ra 5| e iu at thS ' Uel Ce " SyStem fUrther com Prises a gas detecting means for detecting the amount of 
carbon dioxide absorbed by the product absoibing portion. 9 amouni 0T 

« [0020] It is preferable that the product absorbing portion and/or the fuel accommodating container is of cartridae tvce 
exchangeable by installing to the fuel cell system or detaching from the fuel cell system, therefore, it te ateo mESZ 
that the product absorbing portion and the fuel accommodating container are integrated. Preferable 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF DRAWING 
[0021] 

invention 8 SChematiC V,0W Sh ° Win9 8 cons «™on ° f a cell system according to an embodiment of the present 

Fig. 2 is a schematic sectional view showing one example of a constitution of a unit cell used in the present invention 
F g. 3 s a view show ng another embodiment of a part corresponding to that around a fue. cartndge 17 in Fig 1 
Fig. 4 is a view showing another embodiment of a part corresponding to that around a fuel cartridge 37 in Fig 3 
aSsm 8 SChemat ' C SGCtl0nal Vi6W ShoWing a con s«tution of a fuel cell having a produced gas discharging mecfv 

DETAILED DESCRIPTION OF THE INVENTION 

[0022] One embodiment of the present invention will be described in detail referring to drawings Fig 1 Is a schematic 
view showing a constitution of a fuel cel. system according to an embodiment of the present invent HoweveM^e 
present invention is not limited to this embodiment. invention. However, the 

[0023] The fuel cell system shown in Fig. 1 comprises a fuel accommodating container 11 an electroaeneratlnn 

*; ? 1 S T y : n9 tUbG 138 f ° r SUPP ^' ng a ,uel a, °" 9 the direction of an a ™ from the W^SSSSS 
container 11 to the electrogenerating portion 14, a fuel supplying portion 12 comprising a pump or theTkeTprodS 
absorbing port on 16 for absorbing a fuel oxidized product produced in the electrogenerating portion 4 a C dis 
charging tube 1 13b for supplying a fue. oxidized product produced in the electrogenerating poTn 14 and to 
he product absorbing portion along the direction of an arrow, an oxidant supplying tube 1 8 for supplying an oxidant o 
he electrogenerating portion 14 along the direction of an arrow, and an oxidant discharging tube 19 
[0024] Here, the fuel accommodating container 11 , the fuel supplying portion 12, a fuel electrode of the electroaen- 

th?orL p u° c ?: h n i and th :, fue ; discharging tube i3b constituting a ^ « *• ™ ^XSZ 

the product absorbing portion 1 6 are alr-tlghtly connected. By this constitution, a product produced by oxidizing a fuel 
i^^ZXT^ P0rt ' On M ^ 8 ^ ^ C ° nSUmed ^ ,h6 " ke ™ ^ -SwShout' 
[0025] In the fuel cell system shown in Fig. 1 , the fuel supplying portion 12 comprising a pump is provided however 
he fuel ce„ system accorting to the present invention can be constituted even without the fue" supplyinrportion 1 2 
In this case, rt ,s preferable that the fuel supplying tube 1 3a is constituted of a tube which is so nanow as E cause a 
capillary phenomenon. Alternatively, the fue. supp.ying tube 1 3a may be filled with non-woven fabric or porous material 
made of po.yurethane, polyester, cellulose, phenol-type resin, pelyp«^,fl to «Mi r orth.».ZS^^ 

i?? 1 1 e,ec,r ° 9eneratin 9 P ortion 1 4 is a fuel cell, for example, constituted of a unit cell obtained by sandwiching 

2rlTT e rT™ e T 3 ,Ue ' 6leCtr0de and an ° Xidant eleC,rode - ,n ,his case - a sta <* obtained by TckZ a 
plurality of unit cells may be used, or a cell having a structure obtained by connecting a plurality of unii cellsTn sLT 
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[0027] Here, Fig. 2 shows one example of the constitution of the unit cell. As shown in Fig. 2, the unit cell is constituted 
of a gas diffusion layer 14a and a catalyst layer 14b at the fuel electrode side, an electrolyte membrane 14c, and a 
catalyst layer 14d and a gas diffusion layer 14e at the oxidant electrode side. 

[0028] In Fig. 1 , the fuel supplying tube 1 3a and the fuel discharging tube 1 3b are connected to the fuel electrode 
5 side of the electrogenerating portion 14, and the oxidant supplying tube 18 and the oxidant discharging tube 19 are 
connected to the oxidant electrode side of the electrogenerating portion 14, 

[0029] Further, although not shown in Fig. 1 , the oxidant supplying tube 18 for supplying an oxidant to the electro- 
generating portion 14 may be only an opening tube which can diffuse naturally aspirated air as an oxidant into the 
electrogenerating portion 14, and for accelerating diffusion of air, a forced air feeding mechanism such as a fan, pump 
10 and the like may be provided. 

[0030] As hydrocarbon-type fuels which can be used in the fuel cell system according to the present invention, there 
are, for example, alcohols such as methanol, ethanol and propanol, ethylene glycol, and ethers such as dimethyl ether 
and diethyl ether. 

[0031] Of fuel oxidized products generating when using these fuels, particularly, carbon dioxide showing large volume 
15 expansion is a product which disturbs air-tight sealing or connection in a fuel cell system. Further, as a by-product 
which may possibly leak out of a fuel cell system by evaporation, compounds having a carboxyl group such as formic 
acid and compounds having an aldehyde group such as formaldehyde are listed. 

[0032] It is preferable to place a separation membrane 15 between the product absorption portion 16 and the fuel 
supplying tube 13a. As this separation membrane 15, a so-called gas-liquid separation membrane through which liquid 

20 does not pass easily and only a gas passes easily can be used. This separation membrane 15 is constituted of a 
material (water-repellent and oil-repellent material) which can give different surface tensions to liquid and gas of a fuel. 
Further, members obtained by coating the surface of a porous material with such a material can also be used. Specif- 
ically, fluorocarbon resins such as tetrafluoroethylene-hexafluoropropylene copolymer (FEP) resin can be used. 
[0033] In the product absorption portion 1 6, activated carbon or zeolite which immobilizes carbon dioxide by physical 

25 adsorption, alkaline solid or liquid absorbing carbon dioxide by a chemical reaction, and the like can be used. As the 
alkaline solid, there are hydroxides and carbonates of alkaline earth metals such as calcium and barium, and alkali 
metals such as potassium and sodium. As the alkaline liquid, there are aqueous solutions of the above-mentioned 
compounds, and diethanolamine and hydrazine which are non-aqueous liquids, and the like. 

[0034] Air-tight sealing or connection of the whole fuel cell system can be achieved by immobilizing carbon dioxide 
^o having large volume expansion produced through an oxidization reaction of a fuel in the product absorption portion 16 
to prevent carbon dioxide from leaking out of portions filled with a fuel, such as the fuel accommodating container 11 , 
the fuel supplying portion 12, the fuel supplying tube 13a, a fuel electrode of the electrogenerating portion 14, the fuel 
discharging tube 13b and the product absorption portion 16. 

[0035] By this, leakage of deleterious substances such as a fuel, fuel oxidized products and by-products out of a fuel 
35 cell system by evaporation and the like can be deleted for the first time. By using each of the product absorbing agent 
of the physical adsorption or the chemical adsorption type as a product absorbing agent in the product absorption 
portion 16, carbon dioxide which is the main fuel oxidized product, and formic acid and formaldehyde which may 
possibly leak as by-products out of a fuel cell system by evaporation and the like can be immobilized, and a safe fuel 
cell system can be realized. 

40 [0036] It is preferable to provide, in the product absorption portion 16, a gas detecting means for confirming the 
amount of the absorbed product. Of the above-mentioned product absorbing agents, the latter product absorbing agent 
for absorbing carbon dioxide by a chemical reaction is a substance having basicity, therefore, change in pH occurs 
depending on the absorption amount of carbon dioxide by absorbing carbon dioxide having acidity. By detecting this 
pH change, the consumption amount of a fuel can be acknowledged, namely, the remaining amount of a fuel can be 

45 grasped. 

[0037] For detecting pH change, for example, an Indicator manifesting color change depending on pH change can 
be previously added in the product absorbing agent and the change can be visually confirmed. For example, by making 
a part of the product absorption portion 1 6 with a transparent or semi-transparent material, the remaining amount of 
a fuel can be visually checked. Therefore, the gas detection means is preferably a means for detecting the amount of 

so absorbed carbon dioxide by color change of the indicator caused by pH change. 

[0038] In this case, it is effective that the fuel accommodating container 1 1 1s of cartridge type, since the fuel accom- 
modating container 11 can be changed with a new one depending on the remaining amount of a fuel detected by the 
product absorption portion 16. Also, the product absorption portion 16 may be of cartridge type. Further, the fuel ac- 
commodating container 11 and the product absorption portion 1 6 may be integrated together to be of cartridge type. 

55 in Fig. 1 , the fuel accommodating container 1 1 and the product absorption portion 1 6 are integrated to constitute a fuel 
cartridge 17. By removing only this fuel cartridge 17 and exchanging it with a new one, repeated use of the fuel cell 
system is possible. 

[0039] In the product absorption portion 1 6, for example, a fact that the remaining amount of a fuel is small can be 
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JlonH? Wh6n T ind 'f a,or , which ls basic and colorless before use becomes weak basic or neutral to generate color 
t moTnt ic 9 n, n HH SOrPt 5 n ° f Carb ° n di0X ' de - By emp,oyin9 a des '9 n ,n a P r <>^ct absorbing agJZT^xlZ 
T^V^I^JSZ^^ ™ — - *- —-17. tht reUlgaltt 
[0040] As the Indicator added to such a product absorbing agent, indicators causing color change at from basic to 

method, the consumption amount of a fuel can be known correctly from pH value, namely the e«entTthT^'rSn.„n 
amount of a fuel can be obtained a, any time as an electric signal. Therefore, the ^^^^.^^5? 

[0042] In the fuel cell system according to the present invention, the fuel electrode side of the electroaeneratinn 
portion 14 ,s air-tightly sealed, therefore, the inside of the product absorption portion 1 6 fe 2ays ^2KS25 
pressure by absorbing a fuel oxidized product produced in power generation by the product ZlS Zt 
Therefore, even if the fuel supplying portion 1 2 comprising a pump shown In Fig 1 is not present XelouZ «*1 

At J* 5 time ' PreSSUre inS,de ° f thS fUSl ac commodating container 11 lowers with decrease in a fuel there 
S'JS 'ecommendabie to previously charge an inert gas such as nitrogen or argon to increas the p esTure 
n the uel accommodating container 1 1 so that the pressure in the fuel accommodating container 1 1 does not b™! 

Tens le^pZ; PTOdUCt abSOrPt ' 0n 1 6 - —»» olTfu^X t^a EST 

^HL 1 Thof V ' S rt a r ieV :f° win 9 another embodiment of a part corresponding to that around the fuel cartridge 
17 in Fig. 1 . The fuel cartndge 37 shown in Fig. 3 comprises a fuel accommodating contained a separation™^™! 
35 and a product absorption portion 36, in which a fuel supplying tube 33 is connected to toe LeTSZT^ 

nornon"^!' "J ^ fue !, dlSC, : arSin9 tUbe 336 18 C ° nneCted V " 'Reparation membra 3 to th od^Zom on 
S2£ a T ,U6 ' ^modallng container 31 is constituted of a movable mo Jg part IHon JaVss 

[0045] As shown in Fig. 3. a part of walls in the fuel accommodating container 31 may also bTa movable mnlfnn 

SKa^EE^T !r re ' n t L h T° dUCt abSOfpti ° n POrtion 36 ne 9 ative " and b y ™*ng the ™ving PaXn 
wall 38 in aspiration of a fuel from the fuel accommodating container 11 to always prevent the pressure in the f °e. 

^T 0 ^ 9 C ° nta ' ner 11 fr ° m be,n9 ne 9 ative - a ™ can ^ consumed completer P ,Ue ' 

fTJ The ftie. '^Sl'ST 1 an ,°^ er embodiment of a P art corresponding to that around the fuel cartridge 37 in 
7Lt I J^h ?T*t 0 F ' 9 4 com P rises a fuel accommodating container 41 , a separation membrane 

♦ t ?, P . UCt absor P tion Portion 46, and is connected to a fuel supplying portion 42 comprisinarfueU^nM^ 

STifinn alZia tT* «? " ""T" * ^ ^ a — da «^ Gainer 4*%^££%$S£ 
43b is connected via the separation membrane 45 to the product absorption portion 46 A part of walls In the f uel 
accommodating container 41 is constituted of a movable moving partition wall 48 

I tuS J^In" TV" the 1 s 1 eparatlon m^brane 45 and the fuel accommodating container 41 are connected via 
a tube 43c. When a fuel supplying portion 42 is provided as shown in Fig. 4, a method in which flow of a fuelte nS 
communicated between the product absorption portion 46 and the fue. a'ceommodating cental 4* as in the case 

SETS? fn^" 9 POrti ° n 42 may 001 be ad0pted - For examp,e - a constitution can also be Adopted in w^h 
i U 4 ! 1 P, ; 0V,ded 60 that an unreac,ed (not-consumed) fuel separated In the separation membrane 45 reTums 
«£. tl Ue accommodatln 9 container 41 , and circulates In the fuel cell system repeatedly 
EI£ .„ ? . Ce " $yStem accordln 9 to ,he P rese nt Invention, a fuel is supplied from a fuel accommodating con- 

a ue o^ C l 9 17T 9 P ° ^ a 8 ,Ue ' SUPP,yin9 tUbe ' and 8 pr ° dUCl abSOrp,ion P^ion capab.™ZoZg 
treat! f P ^ COn f U and P roduced here °V a reaction is provided, thus, a fuel and a product can be 
treated in an air- ightly sealed space. By this, a fuel cell system remarkably safe to users can be reaTzed wSnoul 
ro04 9 r ^ 61 L Ue ' ° Xidi2ed by P roducts havi "9 "sk and toxicity out of the fue. cel. system 00^ ^ 
oroidL h„ k 'J Tf ! ° thG fUe ' Ce " 8ySt6m aCCOrdin 9 to the P resent 'mention, a fuel cell system can also be 
TtoTl^JrZ* 6 T bG SUPP ' ied t0 an ele ctrogonerating portion stably until compiete consumption of a fuel 
? * Sea, ° d SPaCG 3nd P ° Wer aeration can be conducted stably until the last. In the fue cell Lstem 
EH? 1 PreSGnt Venti ° n ' COnsum P tion a ™ u "< of a fuel can be detected, consequents users can Z 

rema,nin9 am ° Unt ° f a ,Uel and the ^ange time of a fuei cartridge with high preSn 
[0050] The present invention will be illustrated using the non-limiting examples below 
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Examples 1 to 4 

[0051] In these examples, a fuel cell system having a constitution shown in Fig. 1 was produced. 

[0052] On Ketjhen Black EC (manufactured by AKZO Chemie, In Netherlands) which was a conductive carbon par- 

5 tides having an average primary particle size of 30 nm, platinum particles having an average particle size of about 30 
A was carried, to give catalyst supporting particles (50 wt% platinum) for the oxidant electrode side. Further, on Ketjhen 
Black EC, platinum particles and ruthenium particles having an average particle size of about 30 A respectively were 
carried to obtain catalyst supporting particles (25 wt% platinum and 25 wt% ruthenium) for the fuel electrode side. 
[0053] The catalyst supporting particles for the oxidant electrode side and the fuel electrode side and a dispersion 

10 of a hydrogen ion conductive polymer electrolyte were mixed respectively to give catalyst pastes for the oxidant elec- 
trode side and the fuel electrode side. In this operation, the mixing weight ratio of the catalyst supporting particles and 
the hydrogen ion conductive polymer electrolyte was 1 :1 . As the hydrogen ion conductive polymer electrolyte, perfluor- 
ocarbon sulfonic acid (Flemion manufactured by Asahi Glass Co. Ltd.) was used. 

[0054] Next, on one surface of a hydrogen Ion conductive polymer electrolyte membrane (Nafion 117 manufactured 
15 by Du Pont, USA), a catalyst paste for the oxidant electrode side was printed, and on the other surface, a catalyst 
paste for the fuel electrode side was printed. Then, a gas diffusion layer for the fuel electrode side and a gas diffusion 
layer for the oxidant electrode side, and the hydrogen ion conductive polymer electrolyte membrane were bonded by 
a hot press method to make a membrane-electrode assembly (MEA). In this case, the contact area of the fuel electrode 
and the oxidant electrode was 2 cmx2 cm. As the gas diffusion layer for the fuel electrode side and the gas diffusion 
20 layer for the oxidant electrode side, carbon non-woven fabric (thickness: 190 \xm, porosity: 78%) was used. Thus, a 
electrogenerating portion 14 was obtained. 

[0055] A product absorption portion 16 containing a product absorbing agent was inserted in a removable fuel car- 
tridge 17, and 10 cc of a methanol aqueous solution having 5 wt% methanol concentration was charged in the fuel 
accommodating container 11. Here, used as the product absorbing agent was (1) activated carbon (specific surface 
25 area: 600 n^/g) or (2) zeolite (specific surface area: 350 m 2 /g), each absorbing carbon dioxide by physical adsorption, 
or (3) soda lime (94 wt% calcium hydroxide, 6 wt% potassium hydroxide) or (4) potassium carbonate aqueous solution 
(concentration: 40 wt%), each absorbing carbon dioxide by chemical adsorption. The use amount of the product ab- 
sorbing agent was 10 g in each case. 

[0056] Here, in order not to make the pressure inside of a tank of the fuel accommodating container 1 1 negative due 
30 to the consumption of the fuel, a nitrogen gas was charged in the tank to set the pressure in the tank at a pressure as 
high as 1.3 atm. At the inlet to the product absorption portion 16 in the fuel cartridge 17, a tetrafluoroethylene-hex- 
afluoropropylene copolymer (FEP) resin membrane (film thickness: 25 urn average pore size: 0.1 ujtj) as the separation 
membrane 1 5 having gas selective permeability. A pump was used as the fuel supplying portion 1 2 for supplying a fuel 
from the fuel accommodating container 1 1 to the electrogenerating portion 1 4. In an oxidized supplying tube 1 8a, forced 
^5 supply of air by a fan was not conducted. 

[0057] When the fuel cell system was operated at a pump flow rate per minute of 0.5 cc, output of 0.4 V and 200 mA 
was obtained in the case of any product absorbing agent. In any case, the voltage during powder generation was in 
the range from 0.4 to 0.45 V, and output could be obtained stably for up to 10 hours. Leakage of a gas out of a cell 
was not observed, of course. Further, access of air was allowed only to the oxidant electrode of the electrogenerating 
40 portion 14, and the fuel electrode and the fuel supplying tube 13a, the fuel discharging tube 13b, the fuel accommodating 
container 11 and the product absorption portion 16 were all put into a Teflon bag, which was then air-tightly sealed, 
and the fuel cell system was operated. After completion of the operation, a gas in the Teflon bag was analyzed by gas 
chromatography, to detect no methanol. 

[0058] Therefore, according to the fuel cell system of the present invention, handling of a fuel in a complete air-tightly 
45 sealed system was made possible for the first time, and as a result, a safe fuel cell system discharging completely no 
fuel and fuel oxidized by-products, which were toxic out of the fuel cell system could be realized. 
[0059] Approximately the same effect was obtained when materials obtained by adding barium hydroxide instead of 
calcium hydroxide in soda lime, mixtures thereof, and diethanol amine were used, as the product absorbing agent. 

50 Comparative Example 1 

[0060] As the comparative example, a fuel cell system having the same constitution as in Example 1 excepting the 
following points was made. Namely, only a separation membrane 1 5 was provided at the end of a fuel discharging tube 
13b and a product absorbing portion 16 was not provided, and a pore was made at the end of a fuel discharging tube 
55 1 3b to make open to the air, and a gas discharged through the separation membrane was released directly into the air. 
[0061] Such a fuel cell system was operated under the same operation conditions as in Example 1 , to obtain out put 
of 0.40 V and 200 mA. As a result, output could be obtained stably between 0.35 V to 0.40 V for up to 7 hours. However, 
when a glass plate was approximated to the end pore of the fuel discharging tube 13b, liquid adhered to this glass 
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zszssz: d " u,sd ■* pure and * sm to « «. aqueous MMIm 

.TT" wi,h Exam «" e 1 • «*«• »« somewhat lower, and the driving time was alee somewhar ,»„,, 

.xr^z-zrrtor^ 

Examples 5 to 1 0 and Comparative Example 2 

[0063] In a fuel cell system having completely the same constitution as in Example 1 a product absorhlnn nnrtm„ 
16 and a fuel accommodating container 11 containing 10cc of a methanol aqueous soluZ navfna JESSES 
centration of 5 wt% were inserted in a removable fuel cartridge 17 Here as the oraduc/X^nl me , thano1 °° n " 
(94 calcium hydroxide. 6 wt% potassium hydroxide) or 

40 wt%) or g,ven amount was charged, further, ethyl violet was added as a color generating aaem inn 
[0064] When the fuel cell system was operated at a pump (low rate per minute of 0.5 cc, output of 0 4 V and 200 mA 

E« fn ^ 3 reSU "' When thG : product absorbing agentwas present in excess amountforafuel, operation was possible 
until a fuel was used approximately completely, however, color generation of the product absortZ 2nZ 1 ° 1 
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Condition of product ab, 


sorption portion 


Test result 


Product absorbing 
agent 


Use amount (g) 


Continuous Color operation Color 
generation time (min) 


Example 5 


Soda lime 


3 


615 


Observed 


Example 6 


Soda lime 


5 


630 


not observed 


Example 7 


Soda lime 


10 


645 


not observed 


Example 8 


Potassium carbonate 
aqueous solution 


3 


205 


Observed 


Example 9 . 


Potassium carbonate 
. aqueous solution 


5 


335 


Observed 


Example 10 


Potassium carbonate 
aqueous solution 


10 


625 


Observed 


Comparative example 2 






420 


not observed 



45 



50 



55 



E2LT£l ^^alem, a'izalin yellow, cresol phthalein. thymol blue or alkali b.ue was added in addition to 
the f I ° r 9 Tl rat, ° n materia ' f ° r thS 9r0dUCt abs0rbin 9 a 9 ent ' the 6a ™ "^.oration was observe befo e 
22 LTT: ° f ,Ue ' Ce " ^ th ° U 9 h ,he disco,orod co,or a " d *• Product abso^tio ^amount we e 
ZZT « , C 0nn9 a9entS W6re USed ' the hanging time of the fuel cartridge 1 7 could bT known Z 
SoS7? m a h Pr ° dUCt abSOrb ' ng agent by pr6Vi0Us| y Usi "9 a P roduct ab ^'"9 ^ent suttab.e lor a fuel 

JS? he nrnZ J P ° taSSiUm Mi ° n 38 a P^uct absorbing agent was chicked 

PH of the product absorbmg agent changed from alkaline to neutral actually though the change was qrad^l From tl 
act even by measuring of pH of an absorbing agent, the consumption amount of a fuel could be delected namllv 
the remaining amount of a fuel could be detected. aetected, namely, 
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[0068] According to the present invention, not only leakage of a fuel and by-products produced in oxidizing a fuel 
but also leakage of them out of a fuel cell by evaporation can be prevented completely, In a fuel cell system. Simulta- 
neously, according to the present invention, a fuel cell system can be provided capable of detecting the remaining 
amount of a fuel with high accuracy without separately providing a system detecting the remaining amount of a fuel. 
[0069] Although the present invention has been described in terms of the presently preferred embodiments, it Is to 
be understood that such disclosure is not to be interpreted as limiting. Various alterations and modifications will not 
doubt become apparent to those skilled in the art to which the present invention pertains, after having read the above 
disclosure. Accordingly, it Is intended that the appended claims be interpreted as covering all alterations and modifi- 
cations as fall within the true spirit and scope of the invention. 



Claims 

1 . A fuel cell system comprising: 

an electrogenerating portion having a fuel electrode, an oxidant electrode and an electrolyte membrane sand- 
wiched between said fuel electrode and said oxidant electrode; 

a fuel accommodating container accommodating a fuel to be supplied to said fuel electrode; and 
a fuel discharging portion connected to said fuel electrode, 

wherein said fuel accommodating container, said fuel electrode and said fuel discharging portion are air- 
tightly connected. 

2. The fuel cell system in accordance with Claim 1 , further comprising a product absorbing portion for absorbing a * 
fuel oxidized product discharged from said fuel electrode. 

3. The fuel cell system in accordance with Claim 2, wherein said fuel oxidized product contains carbon dioxide. 

4. The fuel cell system in accordance with Claim 2, wherein said fuel oxidized product contains a compound having 
a carboxyl group. 

5. The fuel cell system In accordance with Claim 2, wherein said fuel oxidized product contains a compound having 
an aldehyde group. 

6. The fuel cell system in accordance with Claim 2, wherein said fuel oxidized product contains a compound having 
a ketone group. 

7. The fuel cell system in accordance with any of claims 2 to 6 wherein said product absorbing portion absorbs said 
fuel oxidized product by physical adsorption. 

8. The fuel cell system in accordance with any of claims 2 to 6 wherein said product absorbing portion absorbs said 
fuel oxidized product by chemical adsorption. 

9. The fuel cell system in accordance with Claim 3, further comprising a gas detecting means for detecting the amount 
of carbon dioxide absorbed by said product absorbing portion. 

1 0. The fuel cell system in accordance with any of claims 2 to 9 wherein said product absorbing portion is of exchange- 
able cartridge type. 

11. The fuel cell system in accordance with any of claims 2 to 10 wherein said fuel accommodating container is of 
exchangeable cartridge type. 

12. The fuel cell system in accordance with Claim 11 , wherein said product absorbing portion and said fuel accommo- 
dating container are integrated. 
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(54) Fuel cell system 

(57) In a fuel cell system, leakage of a fuel and a 
byproduct produced in oxidizing a fuel, and leakage 
thereof out of a fuel cell by evaporation are prevented. 
For this purpose, in a fuel cell system comprising an 
electrogenerating portion having a fuel electrode, an ox- 
idant electrode and an electrolyte sandwiched between 
the fuel electrode and the oxidant electrode; a fuel ac- 
commodating container accommodating a fuel to be 



supplied to the fuel electrode; a fuel supplying portion 
supplying a fuel from the fuel accommodating container 
to the electrogenerating portion; and a fuel discharging 
portion connected to the fuel electrode, the fuel accom- 
modating container, the fuel supplying portion, the fuel 
electrode and the fuel discharging portion are air-tightly 
connected. 
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